A gene encoding coleoptericin, an antibacterial protein from the beetle, Allomyrina dichotoma was cloned and the nucleotide sequence determined. The A. dichotoma (A. d.) coleoptericin genomic clone was full size and contained an intron between a putative transcription initiation site and a signal sequence region. The 5Ј-upstream regulatory region of the A. d. coleoptericin had a TATA box and other regulatory motifs such as a NF-kB site, a region 1 (R1), a NF-IL6 site, 2 GATA motifs and 3 CATT(A/T) motifs. Expression vectors consisting of different lengths of the regulatory region and a luciferase gene as a reporter were constructed to analyze the induction of gene expression by bacterial lipopolysaccharide (LPS), a strong trigger for insect antibacterial protein genes. A silkworm Bombyx mori cell line was transfected with the expression vectors treated with or without LPS and the luciferase activity measured. Results showed that luciferase activity was dramatically reduced when NF-kB site was deleted. Deletion of R1 resulted in 64% reduction of luciferase activity but no marked effect was observed with GATA motif mutation. These results suggest that the NF-kB site is indispensable for A. d. coleoptericin gene expression and R1 is also necessary for full gene expression.
INTRODUCTION
Insect antibacterial proteins are classified into 5 major types (Hultmark, 1993 ) of which one is large glycine-rich proteins. Seven antibacterial proteins belonging to this category have been isolated from dipteran, lepidopteran and coleopteran insects, e.q. attacin from Hyalophora cecropia (Hultmark et al., 1983) and Sarcophaga peregrina (Ando et al., 1987) , sarcotoxin III from S. peregrina (Baba et al., 1987) , diptericin from Phormia terranovae (Dimarcq et al., 1988) , Drosophila melanogaster (Wicker et al., 1990) and S. peregrina (Ishikawa et al., 1992) , coleoptericin from Zophobas atratus (Bulet et al., 1991) and Allomyrina dichotoma (Sagisaka et al., 2001) , holotricin 2 from Holotricia diomphalia (Lee et al., 1994) , rhinocerosin from Oryctes rhinoceros (Yang et al., 1998) and acaloleptin from Acalolepta luxuriosa (Imamura et al., 1999) .
Gene cloning and nucleotide sequencing of the large glycine-rich protein type have been conducted in only two antibacterial proteins, namely attacin from H. cecropia (Sun et al., 1991b) , S. peregrina (Kanai and Natori, 1990) , D. melanogaster (Åsling et al., 1995) and B. mori (Sugiyama et al., 1995) , and diptericin from D. melanogaster (Reichhart et al., 1992) . Therefore, we attempted to clone the gene encoding another glycine-rich antibacterial protein, A. d. coleoptericin and to determine its nucleotide sequence. Genes encoding A. d. coleoptericin A and B are inducible by bacteria such as Escherichia coli and Staphylococcus aureus and are expressed strongly in the fat body and hemocytes, and weakly in the Malpighian tubule (Sagisaka et al., 2001) .
We report here molecular cloning and nucleotide sequencing of A. d. coleoptericin A gene, and functional analysis of the 5Ј-upstream regulatory region using a B. mori cell line and expression vectors which have different promoter regions of the gene fused to a firefly luciferase gene as a reporter. Appl. Entomol. Zool. 37 (1): 155-161 (2002) 155 Analysis of the 5-upstream regulatory region of a gene encoding coleoptericin, an antibacterial protein from the beetle, Allomyrina dichotoma (Coleoptera: Scarabaeidae)
MATERIALS AND METHODS

Insect.
A. dichotoma third-instar larvae were purchased from a local pet shop in Tsukuba, Ibaraki, Japan.
Gene cloning. Third-instar larvae were dissected and the fat body was excised in Otsuka Physiological Saline (0.9% NaCl, Otsuka Pharmaceutical Co., Ltd.). The fat body samples were frozen in liquid nitrogen and kept at Ϫ80°C until use. Genomic DNA was extracted from the fat body (Sambrook et al., 1989) . The template DNA for polymerase chain reaction (PCR) was prepared using a LA PCR in vitro cloning kit (Takara) according to the instructions recommended by the manufacturer (Takara). Two cassette primers, C1 and C2, as forward primers (Takara) and the following primers, S1 and S2, as reverse primers based on the 5Ј-nucleotide sequence of A. d. coleoptericin cDNA (Sagisaka et al., 2001 ): 5Ј-TTAGCTATTA-GGCGAGATATGCACC-3Ј (S1) and 5Ј-CAGTTG-AACGATACGATTTCGTCTC-3Ј (S2) were used to clone the 5Ј-upstream regulatory region of A. d. coleoptericin A gene. PCR was performed under the following conditions: 94°C for 10 min (1 cycle), 98°C for 20 s and 68°C for 5 min (30 cycles). DNA fragments obtained by PCR were subcloned into a pCR 2.1 vector (TA cloning Kit, Invitrogen) and the nucleotide sequence determined by dye-terminator cycle sequencing using a DNA sequencer (ABI 377A). To obtain a genomic DNA fragment coding for the downstream region of the A. d. coleoptericin A gene, PCR was conducted using the following primers: 5Ј-AGACGA-AATCGTATCGTTCA-3Ј (forward primer) and 5Ј-GCGAACAAAATTTTAAT-3Ј (reverse primer). The template DNA was the same as described above. PCR conditions were as following: 94°C for 12 min (1 cycle), 94°C for 30 s, 45°C for 30 s, 72°C for 1 min (45 cycles) and 72°C for 7 min. Subcloning and nucleotide sequencing of the PCR product (ca. 740 bp) were conducted as described above.
Construction of expression vectors. Different lengths of the 5Ј-regulatory region of A. d. coleoptericin A gene (see Fig. 2 , panel A) were prepared as promoters based on the same gene as a template with the following forward primers containing a XhoI site (M1F and M6F) and a reverse primer containing a HindIII site (M1R): 5Ј-AAACTCGAGAGTGCTAGAGCTC-3Ј (M1F), 5Ј-CCCAAGCTTTTAGCTATTAGGC-3Ј (M1R), 5Ј-AAACTCGAGCTGCTTAGTG-3Ј (M2F), 5Ј-AAACTCGAGAGTAAATA-3Ј (M3F), 5Ј-GGGC-TCGAGAACAATAACAA-3Ј (M4F), 5Ј-AAACT-CGAGTAAGGGAATAG-3Ј (M5F) and 5Ј-AAA-CTCGAGATGCTCTA-3Ј (M6F). PCR was conducted under the following conditions: 94°C for 5 min (1 cycle), 94°C for 30 s, 55°C for 30 s and 72°C for 30 s (30 cycles) and 72°C for 7 min (1 cycle). Promoter fragments generated using a combination of these forward and a reverse primer (M1F and M1R, M2F and M1R, M3F and M1R, M4F and M1R, M5F and M1R, M6F and M1R) were ligated into XhoI and HindIII sites of a pGL3-Basic vector (Promega) containing a firefly luciferase gene as a reporter. PCR was conducted with a forward primer, 5Ј-CCCGGTACCGAGA-ATGGTAA-3Ј (M8F) and a reverse primer, 5Ј-CC-CCGGTACCTATTGTTATTG-3Ј (M8R) to prepare a mutation of the GATA motif (replacement of GATA with AGCG). A forward primer, 5Ј-CCCG-GTACCTCTTTGTTATG-3Ј (M7F) and a reverse primer, 5Ј-CCCGGTACCGCAACGAGTGA-3Ј (M7R) were used for PCR to prepare a regulatory region without R1. Similarly, the following forward and reverse primers for PCR were designed to prepare a regulatory region without a NF-kB site: 5Ј-CCCGGTACCTATTGAGATTTC-3Ј (M9F) and 5Ј-CCCGGTACCTATTCCCTTA-3Ј (M9R). The two PCR products were digested with KpnI. The gap was filled with T4 DNA polymerase to obtain blunt ends in the PCR fragments. A PCR fragment (M1F-M7R, M1F-M8R and M1F-M9R fragments) was digested with XhoI and another fragment (M7F-M1R, M8F-M1R and M9F-M1R fragments) was digested with HindIII. These PCR fragments were ligated into the XhoI and HindIII sites of pGL3 vector. As an internal control, a luciferase gene from Renilla reniformis, which was excised from a pRL-null vector (Promega) by double digestion with NheI and XbaI, was ligated into a SpeI site of the pIZT/V5-His vector (Invitrogen).
Transfection of B. mori NISES-BoMo-DZ cells. A B. mori cell line, NISES-BoMo-DZ (Imanishi et al., 1999) , was cultured at 25°C in MGM-448 medium (Mitsuhashi, 1984) supplemented with 10% fetal bovine serum (Intergen). NISESBoMo-DZ (2ϫ10 5 cells/well) was first cultured in a 24-well plate (Sumilon) for the transfection experi-ment. After 24 h incubation at 25°C the silkworm cells were transfected with each reporter plasmid (1 mg/well) and the internal control vector (0.1 mg/well) mediated by a cathionic ion lipid, Tfx-10 (Promega). LPS was added (final concentration 10 mg/ml) 24 h after transfection. The cells were harvested after 24 h and luciferase activity was measured using a Dual-luciferase Reporter Assay System (Promega) by a Luminocounter-700 (Microtec Co., Ltd., Funabashi, Japan).
RESULTS
Gene cloning and nucleotide sequencing
PCR with a cassette primer, C1, and a specifc primer, S1, for A. d. coleoptericin A produced a ca. 780 bp DNA fragment. The nucleotide sequencing of this fragment showed that it encoded the 5Ј-upstream regulatory region of this antibacterial protein. We confirmed this nucleotide sequence using another PCR fragment generated by nested PCR with C2 and S2 primers. The downstream of this gene was also cloned and the nucleotide sequence determined. The combined nucleotide sequences revealed a full-size genomic clone (Fig. 1) .
The A. d. coleoptericin A gene contains an intron in the untranslated region between the transcription start site and signal sequence region. In the 5Ј-upstream regulatory region of this gene a NF-kB site, 2 GATA motifs and a NF-IL6 site were identified. CATT(A/T) motifs were also present in this gene (Taniai and Tomita, 2000) .
Functional analysis of the 5-regulatory region
Various expression vectors consisting of different lengths of the regulatory region as a promoter and a firefly luciferase gene as a reporter were constructed to analyze the promoter activity of the 5Ј-upstream regulatory region of the A. d. coleoptericin A gene (Fig. 2, panel A) . No cell lines from A. dichotoma are available at present. As a B. mori cell line, NISES-BoMo-DZ (Imanishi et al., 1999) has previously been shown to be LPSresponsive (Taniai and Tomita, 2000) , this cell line was used for our study. The cells were cotransfected with the vector and an internal control vector. After treatment of the NISES-BoMo-DZ with or without LPS the cells were harvested and the luciferase activity was measured. A vector with the longest regulatory site containing all regulatory elements (M1) showed 12.7 times higher luciferase acitivity when stimulated with LPS than that of a nonstimulated sample (Fig. 2B) . M2, M3 and M4 vectors showed relatively high luciferase activity. Maximum luciferase activity was obtained with M4 vector which contained a TATA box, a NF-kB site, R1 and a GATA motif. Luciferase activity was dramatically reduced with a vector having no R1 and GATA motif (M5) or no NF-kB site (M6). We deleted the R1 (M8) and NF-kB site (M9) to confirm the importance of this site and examined luciferase activity. Results indicated 64% reduction of activity with deletion of the R1 compared with that of the nondeletion control (M1) and 91% reduction with deletion of the NF-kB site (Fig. 2B) . Mutation of the GATA motif (M7) did not show marked effects on luciferase activity (Fig. 2B) . 
DISCUSSION
A. d. coleoptericin A gene contains an intron in a unique location among the large glycine-rich antibacterial proteins. The intron is not present in the coding region of this gene but in the 5Ј-noncoding region located in the proximal upstream of the signal sequence region. In other large glycine-rich antibacterial proteins, for example, S. peregrina attacin (sarcotoxin II), genes form a cluster (unit 1, 2 and 3) and each gene contains an intron in the coding region (Kanai and Natori, 1990) . Likewise, D. melanogaster attacin has an intron in the coding region (Åsling et al., 1995) and H. cecropia attacin has two introns in the coding region (Sun et al., 1991b) . On the other hand, D. melanogaster diptericin gene is devoid of an intron (Reichhart et al., 1992) .
We constructed chimeric genes in which the promoter sequences are fused to the firefly luciferase gene as a reporter to determine the regulation of this gene. The chimeric gene construct with a long stretch of the 5Ј-upstream regulatory region was also LPS-responsive, reflecting well the in vivo situation of the A. d. coleoptericin A gene (Sagisaka et al., 2001) (Fig. 2B, M1) , suggesting that the NFkB site is important in gene expression. The results showed a sequence containing a TATA box, NF-kB site and R1 but not the GATA motif is indispensable for full expression of A. d. coleoptericin A gene expression (Fig. 2) . It is worthy to note that the NF-kB site deletion construct completely abolished gene expression (Fig. 2B, M6 ). It has also been shown that the NF-kB site and GATA motif are necessary for normal expression in the D. melanogaster cecropin A1 gene (Engström et al., 1993; Kadalayil et al., 1997; Roos et al., 1998) and that the NF-kB site and half R1 site (the so-called GAAANN motif) are necessary for expression of the D. melanogaster diptericin gene (Reichhart et al., 1992; Kappler et al., 1993; Meister et al., 1994; Georgel et al., 1995) . The location and orientation of putative cis-acting elements in the 5Ј-upstream regulatory region of insect immune genes are shown in Fig. 3 . The importance of the NF-kB site has also been demonstrated for the induction of the Sarcophaga lectin in in vitro transcription assay (Kobayashi et al., 1993) and of the B. mori cecropin B gene in the transfection assay with promoter-reporter gene constructs (Taniai and Tomita, 2000) (Fig. 3 ). There are 2 GATA motifs in A. d. coleoptericin A gene (Fig. 3) . A GATA motif located proximal to the NF-kB site does not play an important role in the A. d. coleoptericin A gene expression (Fig. 2B, M5) . The other GATA motif located at Ϫ238 does not contribute to gene expression as well (Fig. 2B) . The promoter region 158 A. Sagisaka et al. containing three CATT(T/A) motifs (Ϫ528, Ϫ358 and Ϫ306), NF-IL6 site (Ϫ213) and GATA motif (Ϫ238) (Fig. 2B , M2 and M3) shows less activity than the promoter region with the sites deleted (Fig. 2B, M4 ), suggesting the former region contains negative regulatory elements. It will be interesting to determine whether the NF-kB site and a region containing R1 and GATA motif are also necessary for the induction by LPS of other antibacterial protein gene expression from A. dichotoma. Fig. 3 . Comparison of putative cis-acting elements in the 5Ј-upstream regulatory region from insect immune genes. Large arrows indicate orientation of the elements. The nucleotide numbers from transcriptional initiation site (small arrows) are shown in the left margin of the panel. ATG shows the translational start site and kB denotes NF-kB site. Gaps are introduced in the genes of moricin, lebocin 3 and attacin from B. mori, and cecropin B from D. melanogaster to reduce the size. The direction of the arrow of the regulatory motifs indicates whether the sequence is present on the upper strand (the arrow points to the right), on the lower strand (the arrow points to the left) or on both strands (the arrow points in both directions). Data were cited from the following references: cecropin B1 and B2 , moricin (Furukawa et al., 1999) , lebocin 3 and 4 (Furukawa et al., 1997) and attacin (Taniai et al., 1996) from B. mori, attacin A, B and y (Sun et al., 1991b) , cecropin A and B (Gudmundsson et al., 1991) and lysozyme (Sun et al., 1991a ) from H. cecropia, cecropin A1, A2 and B (Kylsten et al., 1990) , cecropin C (Tryselius et al., 1992) and diptericin (Reichhart et al., 1992) from D. melanogaster, humoral lectin (Takahashi et al., 1985) , sarcotoxin IB (Kanai and Natori, 1989) , and sarcotoxin II unit 1, unit 2 and unit 3 (Kanai and Natori, 1990) .
